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Abstract Objective To determine the rate of salvage procedures and any other unplanned
reoperations in patients with symptomatic Kienböck’s disease who were treated with
radial shortening osteotomy. In addition, we studied patient-reported outcome in the
long term using Patient-Reported Outcome Measure Information System (PROMIS)
instruments.
Patients and Methods We performed a retrospective review of all patients who
underwent radial shortening osteotomy for stage 2 and 3A Kienböck’s disease.
Patients who had concomitant revascularization were grouped separately. We
collected demographic data, data regarding type of surgery and reoperations, and
radiographic data. Patient-reported outcome measures were the PROMIS Upper
Extremity Computer Adaptive Testing (CAT) and Pain Interference instruments, the
abbreviated Disabilities of Arm, Shoulder, and Hand (QuickDASH), and the 0 to 10
numeric rating scale for pain and satisfaction.
Results We included 48 patients who had radial shortening osteotomy alone, and
17 patients who had a combined procedure of radial shortening and direct revascu-
larization. The rate of unplanned reoperations was 33% (16 of 48) in those who had
radial shortening osteotomy and 24% (4 of 17) in those who had a combined
procedure. Six (13%) of 48 patients underwent proximal row carpectomy due to
failed radial shortening osteotomy. No salvage procedures were performed after
combined radial shortening/revascularization. Median PROMIS Physical Function CT
scores were 56 (interquartile range [IQR]: 44–56) and 56 (IQR: 41–56), respectively.
Median PROMIS Pain Interference scores were 39 (IQR: 39–52) and 39 (IQR: 39–49),
respectively. Median QuickDASH scores were 2.3 (IQR: 0–23) and 4.5 (IQR: 2.3–14),
respectively.
Conclusion Radial shortening osteotomy for symptomatic Kienböck’s disease yields
reasonable long-term function.We observed that approximately one in eight patients
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The choice of surgery for symptomatic Kienböck’s disease
depends mainly on radiographic factors such as disease
stage1 and ulna variance,2 as well as patient and surgeon
preference.3,4 Radial shortening osteotomy is a widely ac-
cepted procedure for Kienböck’s disease without secondary
changes in carpal alignment or radiocarpal osteoarthritis
(e.g., stage 2 and 3A according to the Lichtman classification)
and negative or neutral ulna variance.5 Radial shortening
osteotomy levels the distal surfaces of the radius and ulna,
redistributes the axial load across the carpus, and subse-
quently decreases mechanical pressure on the lunate.6 In
contrast, insertion of vascularized bone or arteriovenous
pedicle grafts into the lunate aims to induce neovasculariza-
tion and new bone formation in the lunate.

It is hoped that surgery can halt disease progression,
decrease pain, and improve function. Some patients do not
respond well enough to surgery and are offered salvage
surgery, such as proximal row carpectomy or arthrodesis,
due to progressive pain and carpal collapse.7,8 It is unclear
how often patients have salvage surgery after initial radial
shortening osteotomy. Furthermore, long-term patient-
reported outcome data are scarce.

The aim of this study was to determine the rate of salvage
surgery for failed initial treatment and any other unplanned
reoperations after radial shortening osteotomy for symp-
tomatic Kienböck’s disease. Secondarily, we studied the
patient-reported outcome in the long term using Patient-
Reported Outcome Measure Information System (PROMIS)
instruments. Finally, we studied patient-reported outcome
using the more commonly used abbreviated Disabilities of
Arm, Shoulder, and Hand (QuickDASH) and numeric rating
scale (NRS) for pain and satisfaction.

Patients and Methods

Our Institutional Review Board approved the protocol for this
retrospective study. We identified all patients who had a radial
shortening osteotomy for symptomatic Kienböck’s disease be-
tween January 1992 and December 2013 from our institutional
database andperformedmedical record and radiograph review.
We included patientswhowere at least 18 years old at the time
of the study. We excluded patients who were skeletally imma-
ture at the time of surgery (n¼ 1), had prior surgery for their
Kienböck’sdisease (n¼ 6),hadLichtmanstage1(n¼ 2), orhada
radioscaphoid angle of more than 60 degrees on preoperative
wrist radiographs, representing Lichtman stage 3B (n¼ 4).9,10

Our study population consisted of 65 patients, of whom 48
had a radial shortening osteotomy and 17 had a combined

procedure of radial shortening osteotomy and direct revascu-
larization. The average age at the time of surgery was 37 years
(interquartile range [IQR]: 29–44 years; range: 17–57 years).
Thirty-seven patients (57%) were men. Hand dominance was
recorded for 47/65 patients, and the dominant side was
affected in 66%. In all patients, the diagnosis was made based
on clinical and radiographic findings. In 13 patients, magnetic
resonance imaging (MRI) scans were obtained by our institu-
tion. Some patients had outside advanced imaging. The pre-
operative Lichtman stages were 2 in 23 patients and 3A in 42
patients. All patients had undergone a trial of immobilization
for at least 6 to 12 weeks prior to surgery.

The radial shortening osteotomy was performed using a
volar approach and plating in all patients. An osteotomy was
created using an oscillating saw, and, on average, 2mm (IQR:
1–3mm; range: 1–5mm) of bone was resected. Internal
fixationwas obtained bymeans of a (limited contact) dynamic
compression plate, T-plate, or RAYHACK system (WrightMed-
ical Group). The median postoperative ulna variance
amounted to –0.8 (IQR: –1.9 to 0.45) millimeter. Of the 17
patients (26%) who had a concomitant revascularization pro-
cedure, 13 patients had a pedicled vascularized bone graft
from the distal radius to the lunate based on either the third
and fourth (n¼ 4) or fourth and fifth (n¼ 9) extensor com-
partmental arteries, and 4 patients had implantation of the
superficial branch of the radial artery and vein into the lunate,
packed with free cancellous bone from the distal radius. Four
patients had a wrist arthroscopy with synovectomy, seven
patients had excision of both the anterior and posterior
interosseous nerves or the posterior interosseous nerve alone,
two patients had open carpal tunnel release, one patient had
resection of a giant cell tumor of the thumb, and one patient
had submuscular transposition of the ulnar nerve at the elbow
performed in the same surgery. Postoperatively, a splint was
applied for approximately 4 weeks in all patients. The proce-
dures were performed by 11 attending orthopedic hand
surgeons at two academic medical centers and one affiliated
community hospital.

We reached out to all 65 patients by mail and telephone to
invite them for questionnaire follow-up. Of the 65 patients, 24
did not respond or had incorrect contact information, 5
declined to participate, 4 agreed but never filled out the
questionnaires, 2 did not speak English, and 2 had died of
circumstancesunrelated toKienböck’sdisease. The28patients
whose patient-reported outcomes were collected resembled
the remaining 37, whowere only available for medical record
review, in terms of age, sex distribution, preoperative Licht-
man stage, and additional surgeries (p> 0.05).

underwent salvage surgery after radial shortening, and this should be taken into
account when making the initial decision to treat Kienböck’s disease surgically. There
appeared to be no benefit of direct revascularization in addition to radial shortening in
terms of patient-reported outcome in the long term.
Level of Evidence This is a Level IV, therapeutic study.
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Study Variables and Patient-Reported
Outcome Measures

The primary outcome measures were subsequent salvage pro-
cedures and any other unplanned reoperations related to the
radial shortening osteotomy or Kienböck’s disease. Secondary,
we studied patient-reported outcomes. The main patient-
reported outcome measure was the PROMIS Physical Function
Upper Extremity Computer Adaptive Testing (CAT) instrument.
Computerized adaptive testing optimizes the questionnaire
administration by distributing only relevant items based on
previous responses, shortens completion time, and decreases
floor and ceiling effects.11 The PROMIS Upper Extremity CAT
measures patient-reported disability and results in a standard-
ized t-score with a mean of 50 and a standard deviation (SD) of
10.A lower t-scoremeansmoredisability.Weprefer thePROMIS
instruments because of their efficiency and precision.11

In addition, we administered the PROMIS Pain Interference
instrument to measure self-reported consequences of pain on
social, cognitive, emotional, physical, and recreational aspects
of life. A higher scoremeansmore impediment in daily life due
to pain. We also administered the QuickDASH questionnaire,
which uses 11 items to measure physical function and symp-
toms in patients with upper extremity disorders. The Quick-
DASH results in a score between 0 and 100, and a higher score
representsmore disability. Finally, patients were asked to rate
their current pain aswell as their satisfactionwith the surgery
on a 0 to 10 NRS, and whether they would elect to have the
same surgery again. Patient-reported outcome data were
collected using RedCap (Research Electronic Data Capture,
Vanderbilt University, Nashville, TN).

We gathered information on the following explanatory
variables: age at the time of surgery, sex, affected side and
hand dominance, initial Lichtman stage, date and type of
surgical procedure(s), and concomitant procedures. The ulna
variance in relation to the midpoint between the volar and
dorsal lips of the distal radius was measured on postopera-
tive radiographs using the method of perpendiculars.12

Statistical Analysis

We reported categorical data as absolute numbers and percen-
tages, and we used the Fisher exact test to compare the
proportions of categorical variables between two groups.
Wereportedcontinuousdataasmedianand interquartile range
(IQR) because most data were nonnormally distributed. A
Mann–Whitney U test was used to compare the median of
continuous variables between two groups. Statistical analyses
were performedusing Stata 14 (StataCorp., College Station, TX),
and a p-value of less than 0.05 was considered statistically
significant.

Results

We stratified the 65 patients into those who had a radial
shortening osteotomy alone (n¼ 48) and those who had a
radial shortening combined with a revascularization proce-
dure (n¼ 17; ►Table 1). Of the former 48 patients, 16 (33%)
had an additional unplanned surgery (►Table 1). In six (13%)
patients, radial shortening had failed to resolve the symp-
toms and, subsequently, a proximal row carpectomy was
performed after a median of 18 months (IQR: 7–55 months;
range: 7 months to 9.3 years). Four of those patients had
preoperative Lichtman stage 2, whereas two patients had
stage 3A preoperatively (p¼ 0.17). Two (4.2%) other patients
developed symptoms of ulnocarpal impaction after surgery
and subsequently had an ulna shortening osteotomy. A total
of seven (15%) patients had removal of the symptomatic plate
and screws, and for two of those it was the only reoperation.

Of 17 patients, 4 (24%) had an additional surgery after
combined radial shortening/vascularized bone grafting
(►Table 1). None of these patients required salvage surgery.
All four patients had removal of symptomatic hardware, of
whom one patient also had arthroscopic debridement of the
wrist. ►Table 2 provides an overview of all unplanned
reoperations. The rates of reoperation were comparable for
both groups (p¼ 0.56; ►Table 1).

Table 1 Patient characteristics (n¼ 65)

Radial shortening
osteotomy (n¼ 48)

Combined radial shortening
and VBG (n¼ 17)

p-Value

Median or number IQR or % Median or number IQR or %

Age, median (IQR) 35 27–42 44 31–51 0.025

Men, n (%) 31/48 65% 6/17 35% 0.048

Preoperative Lichtman

Stage 2, n (%) 19/48 40% 4/17 24% 0.38

Stage 3A, n (%) 29/48 60% 13/17 76%

Postoperative ulna variance
(in millimeter), median (IQR)

–0.8 –1.8 to 0.3 –0.1 –2.6 to 0.6 0.75

Reoperation, n (%) 16/48 33% 4/17 24% 0.55

Salvage surgery, n (%) 6/48 13% 0/17 0.0% 0.33

Follow-up, n (%) 14/48 29% 11/17 65% 0.019

Abbreviations: IQR, interquartile range, VBG, vascularized bone graft.
Note: Values in bold are statistically significant (p < 0.05).
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Excluding the six patients who underwent an additional
salvage procedure, patient-reported outcomes were available
for 25 of 59 patients, corresponding to a response rate of 42%.
The median time between the primary surgery and question-
naire follow-up was 13 years (IQR: 9–14 years; range: 4–25
years). Some patients had additional procedures in the mean-
time (►Table 2). ►Table 3 summarizes and compares the
average patient-reported outcomes for patients who had radial
shortening alone (n¼ 14) and those who had combined radial
shortening/revascularizationprocedures (n¼ 11).Weobserved
no notable differences in any of the patient-reported outcomes
between both groups. Onepatient indicated that shewould not
elect tohavea radial shorteningosteotomyagain. Therewereno
differences inwhether the dominant or nondominant sidewas
affected for any of the outcomes in both groups (p> 0.05).

Posthoc Power Analysis
A posthoc power analysis demonstrated that the two groups
of 14 and 11 patients provided 80% statistical power (two-
tailed α: 0.05) to detect a difference in average PROMIS Upper
Extremity CAT score, with a large effect size of 1.18 using a
parametric test. The PROMIS instruments are designed in
order that 1 SD is equivalent to 10 points. In other words, we
would have been able to detect a difference in PROMIS Upper
Extremity CT score of 12 points or more between the groups,
with 80% statistical power using a parametric test. Consid-
ering that the average minimal clinically important differ-
ence for the PROMIS Upper Extremity CAT is reported to be
9.0 in various hand conditions,13wewould have been able to
detect such a clinically relevant difference with 57% statisti-
cal power using a parametric test.

Table 2 Overview of all unplanned reoperations

Type of reoperation Radial shortening,
n (%)

Radial shortening
with VBG, n (%)

Proximal row carpectomy 6/48 (13%) 0/17

Hardware removal only 2/48 (4.2%)a 3/17 (18%)b

Arthroscopic debridement 3/48 (6.3%) 1/17 (5.9%)

Ulna shortening osteotomy due
to new-onset ulnar-sided wrist pain

2/48 (4.2%) 0/17

Revision radial shortening due to loose hardware 1/48 (2.1%) 0/17

Repair of radius nonunion with callus autograft 1/48 (2.1%) 0/17

Repair of ruptured extensor pollicis longus
tendon due to prominent hardware

1/48 (2.1%) 0/17

Abbreviation: VBG, vascularized bone grafting.
aFive more patients had hardware removal after or during proximal row carpectomy (n¼ 2), arthroscopic debridement (n¼ 2), and nonunion repair
(n¼ 1).

bOne more patient eventually had hardware removal after initial arthroscopic debridement.

Table 3 Characteristics and patient-reported outcome of patients who were available for follow-up (n¼ 25)

Radial shortening osteotomy
(n¼ 14)

Combined radial shortening and
VBG (n¼ 11)

p-Value

Median or number IQR or % Median or number IQR or %

Age, median (IQR) 40 29–42 41 31–51 0.35

Men, n (%) 8/14 57% 4/11 36% 0.43

Preoperative Lichtman

Stage 2, n (%) 4/14 29% 4/11 36% > 0.99

Stage 3A, n (%) 10/14 71% 7/11 64%

Reoperation, n (%) 3/14 21% 2/11 18% > 0.99

Median (n¼ 14) IQR Median (n¼ 11) IQR

Follow-up (in years) 13 9–17 13 9–14 0.69

PROMIS Upper Extremity 56 44–56 56 41–56 0.52

PROMIS Pain Intensity 39 39–52 39 39–49 0.80

QuickDASH 2.3 0–23 4.5 2.3–14 0.61

Pain (0–10) 1 0–3 1 0–2 0.40

Satisfaction (0–10) 9 7–10 10 8–10 0.36

Abbreviations: IQR, interquartile range, VBG, vascularized bone graft.
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Discussion

This study has some shortcomings. First, although the 42%
response rate is comparable to other studies,8 patient-
reported outcomes were available for less than half of the
patients. This may have introduced sampling or attrition
bias. Second, this is a retrospective study of patients treated
by several surgeons over a 22-year span at three hospitals.
Presurgical data were not reported homogeneously in the
medical record; therefore, we were unable to determine
postoperative change. Third, complications and reoperations
may have been underreported for patients who potentially
had their follow-up elsewhere.

We observed that 6 of 48 patients had proximal row
carpectomyafter radial shorteningosteotomydue topersistent
pain. No salvage procedures were performed after combined
proceduresof radial shorteningandvascularizedbonegrafting.
Perhaps, additional revascularization has contributed to the
lower incidence of salvage procedures, but with the numbers
available we did not observe a difference. Kakinoki et al
reported successful treatmentof three patientswithpersistent
pain after radial shortening osteotomy by vascularized bone
grafting.14 Four patients had an additional arthroscopic
debridement and no further surgeries. Previous research dem-
onstrated that arthroscopic debridement increasedwrist func-
tional range of motion, provided excellent pain relief, and
improved health-related quality of life in patients with Kien-
böck’s disease.15Twoof48patients had subsequent shortening
of the ulna due to new onset of symptoms consistent with
ulnocarpal impaction. Our rate does not differ from the rates
reported in the literature.8,16Other complicationsweremostly
related to hardware (e.g., removal of symptomatic hardware,
extensor pollicis longus rupture, loose hardware).

We found that, in the long term, the average upper
extremity physical function after surgery for Kienböck’s dis-
ease (median: 56) was better than that of the general U.S.
population (mean: 50) in terms of PROMIS Upper Extremity
CAT. To place into context, patients with common hand con-
ditions such as carpal tunnel syndrome (mean: 43), thumb
carpometacarpal osteoarthritis (mean: 46), or trigger digit
(mean: 47), have lower average PROMIS Physical Function
scores at presentation.17Furthermore, thepatients inour study
had low average Pain Interference scores (median: 39), mean-

ing that they had little effect of pain on activities of daily life
compared with patients who presented with carpal tunnel
syndrome (mean: 61), trigger digit (mean: 58), thumb carpo-
metacarpal osteoarthritis (mean: 60), or even Dupuytren
disease (mean: 52).17 These findings suggest that patients
withKienböck’sdisease inour studyadaptedwell after surgery.

To compare our findings with existing literature, we also
administered the QuickDASH questionnaire and NRS for pain.
Normativevalues for theDASHandQuickDASHrangefrom10to
13 in the general population.18–20 The relatively low (good)
average QuickDASH (median: 2.3) and pain (median: 1) scores
after radial shortening are in line with those reported in the
literature. Studies with more than 10 years of follow-up on
average report mean (Quick)DASH scores between 6.1 and 14
and pain scores between 0.2 and 3.0 after radial shortening
osteotomy (►Table 4).21–25 Luegmair et al found that patients
had poorer physical function when the dominant side was
affected.25 We found no such difference by hand dominance.
Eleven patients in our study had a revascularization procedure
performed in the same surgery. Patient-reported outcomes
were comparable to thoseofpatientswhohad radial shortening
alone. Dehghani et al concluded from their randomized study
that a combination of radial shortening and vascularized bone
grafting ismoreefficient thanshorteningalone in termsofMayo
Wrist Score.26 The follow-up in that study was only 9 months.
Table 4 summarizes the literature on outcome of radial short-
ening osteotomy for symptomatic Kienböck’s disease with
average follow-up duration of more than 10 years.

Most studies report improvement of pain and good patient-
reported physical function, but whether radial shortening alters
radiographic disease progression is debated.27 Long-term pain
relief and good patient-reported outcome have also been
reported after nonoperativemanagement of Kienböck’s disease.
Keith et al28 and Viljakka et al29 report mean DASH scores of 19
and 11, respectively, in patients with Kienböck’s disease after
more than 10 years on average without surgery. It is unclear
whether surgery contributes to the relatively good patient-
reportedoutcomes in the literatureorwhetherweareobserving
the result of thebenign natural course of the pathophysiologyof
Kienböck’s disease. Further research is needed in this area.

In conclusion, we observed that approximately one in eight
patients underwent salvage surgery after radial shortening and
that theoverall rateof reoperationwas33%.Thisshouldbetaken

Table 4 Overview of the literature

Author (year) n Age Men (%) Follow-up
(range)

% Stage
3A or less

(Quick)DASH (SD) Pain (SD)

Luegmair et al25 36 30 23 (64%) 12.1 (5.4–17.5) 100% 12 (13) 0.2 (0.6)–3 (2.3)a

Raven et al22 9 31 5 (56%) 22 (16–31) 67% 14 (23.7) 2.3 (2.9)

Rodrigues-Pinto et al21 18 32 13 (72%) 10.3 (4–18) 67% 8.7 (8) –

Viljakka et al23 16 32 13 (81%) 25 (20–33) 88% 6.1 0.9–3.0a

Watanabe et al24 13 39 10 (77%) 21 (14–28) 77% 8.1 (8.4) –

This study 14 40 8 (57%) 13 (4–25) 100% 2.3 (0–23)b 1 (0–3)b

Abbreviations: DASH, Disabilities of Arm, Shoulder, and Hand; SD, standard deviation.
aPain during rest and during activity.
bMedian and interquartile range.
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into account when making the initial decision to treat Kien-
böck’s disease surgically. The long-term patient-reported out-
comes of radial shortening—whether or not combined with a
vascularized bone graft to the lunate—for symptomatic Kien-
böck’s disease appear to be reasonable. It is unclear whether
these surgeries alter the natural history of Kienböck’s disease;
however, in general, these surgeries appear to yield reasonable
long-term function. There appeared to be no benefit of direct
revascularization in addition to radial shortening osteotomy in
terms of patient-reported outcome.
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